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off these products and converts them to hydrocarbon 
molecules which become part of the fuel. 

BRIEF DESCRIPTION OF THE DRAWING 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily obtained as the same become better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw 
ings, wherein: 

FIG. 1 shows a cut away view of the linear gasifier 
reactor vessel. 
FIG. 2 shown a cross-section of the gasifier system. 
FIG. 3 shows a cross-section of the gasifier having 

temperature measurement points indicated at various 
places in the process. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, wherein like refer 
ence numerals designate identical or corresponding 
parts throughout the several views, and more particu 
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larly to FIGS. 1 and 2 thereof, there is shown a reactor 
vessel 2 into which the biomass feedstock is introduced 
through an airlock 1 aperiodically upon demand from a 
level controller 3 which senses the level of the feed 
stock bed 4. When the fuel has been depleted below a 
certain amount of control signal from the level control 
ler 3 is fed to the airlock 1 to open in order to resupply 
the material to the vessel. The biomass is supported by 
the two portions of the fuel suspension bed 9 and the 
grate 14. Combustion of the fuel takes places in a zone 
having combustion air being introduced through a pre 
heater 5 into the combustion zone through a manifold 6 
along the entire length of the active zone 7 of the reac 
tor. In this zone a small part of the biomass fed stock is 
combusted to produce heat. The heat and part of the 
combustion air are used to turn to subsequently cause 
partial oxidation of the carbon-in the biomass feedstock 
which is converted into CO. Pyrolysis oils are produced 
in and above the combustion zone and are ducted 
through the zone where, in the presence of the high 
temperatures created, they are cracked to form lighter 
hydrocarbon molecules. These molecules then become 
part of the fuel. The hot producer gas which flows 
through the series of vents 8 in the bed suspension unit 
9, is forced through the heat exchanger/preheater 5 
where heat is provided for the combustion air which is 
introduced through the manifold 6. A further heat re 
moving system is shown at 11 which produces heat for 
drying the biomass feedstock in container 12 before it is 
fed via a conveyor 13 to the airlock 1 which dumps the 
feedstock into the reactor vessel 2 in response to the 
output of the level controller 3. 
The grate 14 is constructed of a rectangular design 

having a long and narrow structure to minimize the fuel 
suspension problems. That is, the bed suspension unit 9 
functions to funnel the entire biomass feedstock and 
byproducts through the opening 16 to the grate 14. 
Because of the narrow construction of the grate the 
materials problems with regard to strength of the grate 
have been minimized and an increase in the production 
capacity of the system is merely accomplished by added 
another unit similar to the reactor vessel 2 alongside the 
illustrated unit. The grate 14 functions to allow the 
completely combusted materials to drop to the bed 20 
of the reactor vessel where they can be removed and at 
the same time assures complete combustion of all mate 
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4. 
rials before they is turned to ash and filtered through the 
grate. A further saving with regard to the grate is in 
volved in the efficient use of the heat produced in the 
combustion process as none of the heat is wasted on the 
ash products and no space is taken up by the ash prod 
ucts in the combustion zone. 
The above construction provides a rectangular 

down-draft gasifier which can be manufactured at a low 
cost and which will be modular. The down-draft design 
yields high-quality gas having very low levels of en 
trained tar and particulate. Tar minimization and con 
trol is important because tar condensate is difficult to 
combust or to dispose of. Up-draft designs, which in 
volve a flow of air in the upward direction, require 
extensive combustive redesign and require tight opera 
tional controls because the tar and particulate matter 
tend to be entrapped on the sides of the reactor vessel 
and furthermore these molecules from these oils pro 
duced do not remain in the high temperature zones and 
therefore are not cracked to form lighter hydrocarbon 
molecules which return to become part of the fuel. 
These problems do not occur in the down-draft design 
because the particulate matter and oils formed are pro 
duced in and above the combustion zone and are ducted 
through the zone where, in the presence of the high 
temperatures, they are cracked to form lighter hydro 
carbon molecules and are returned to become part of 
the fuel. 
The gasifier produces a low BTU gas comprising CO, 

H2, CH4, CO2, N2, and light hydrocarbon gases as the 
predominant product as well as ash and minimal 
amounts of heavier oils as byproducts. The gasifier 
primarily uses cellulosic biomass as the feedstock and 
the low BTU gas produced by the gasifier is useful as a 
fuel in various agricultural and industrial applications 
including crop drying, heat engines and process and 
curing heat generation. 
The linear design of the gasifier vessel instead of the 

more conventional cylindrical design provides an easy 
approach to scale-up. In the linear design the long nar 
row grate 14 is used and the fuel suspension problems 
are minimized because the grate is narrow. The high 
temperatures (>2000 F) which occur at the support 
device do not have a severe effect on the grate material 
when the grate is a narrow construction and is removed 
from the combustion zone. Air which is introduced to 
the surface in order to provide combustion must be 
introduced uniformly across the surface of the wood 
being gasified in order to ensure an even and a fast burn, 
is readily accomplished with the linear design by intro 
ducing air along both sides of the narrow grate along its 
entire length through the manifold 6. 
One basic size of unit has been constructed in accor 

dance with the embodiments of FIGS. 1 and 2 which 
has a size of 2 MM BTU/hr. This system is adequate to 
meet most evaluation needs. Larger scale units may be 
combined in batteries of two or three to build systems 
generating anywhere from 10 to 45 MM BTU/hr. Be 
cause a constant grate width is used the grate length is 
selected to give different generation ratios and as a 
consequence similar construction methods and compo 
nents can be used to produce many different capacity 
systems greatly reducing custom design and parts in 
ventory requirements. The use of the heat from the 
producer gas provides a fuel quality control before 
gasification. The reduction of the fuel moisture content 
increases the gasifier efficiency and the gas quality pro 
duced. The waste heat from the process is used to re 
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duce the fuel moisture content in container 12 to a con 
stant low level as well as to preheat combustion air 
supplied to the gasifier. The initial costs required by 
system construction of conventional heat recovery 
equipment as shown in the FIG. 2 are mitigated by 
greatly reduced operating cost, higher conversion effi 
ciencies (lower gas cost per unit of wood fuel) and 
much greater gasifier control. 
The test unit designed in accordance with FIGS. 1 

and 2 has been constructed and operates with a model 
linear gasifier capable of producing gas at a rate of 2 
MMBTU/hr. Test performed on this unit indicate a gas 
quality of greater than 140 BTU/scf. The conversion 
efficiency has been measured in excess of 80%. 

In considering the materials design necessary for the 
construction of the unit the temperature measurement 
points in the FIG. 3 indicate a basically low tempera 
ture environment at points F, G and H which are in the 
zone above the combustion area with the temperature 
increasing to greater than 1200' F. in the combustion 
areas B and D. The producer gas is taken off at a tem 
perature of between 400' and 500 F. as is shown at the 
point C. This producer gas temperature provides the 
heat for the combustion air to be supplied and for con 
trolling the moisture content of the fuel before entering 
the reactor vessel. It is also noted that the combustion 
air, because of the nozzle location, may also be partially 
heated by the hot producer gases located in the plenum 
structure formed by the sides of the reactor and the bed 
suspension unit 9. 

Obviously, numerous modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to the understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. An apparatus for producing combustable gases 

from carbonaceous biomass comprising: 
a reaction vessel having substantially vertical walls 
and an enclosed top and bottom; 

biomass feeding means for feeding moisture con 
trolled biomass into the top of said vessel; 

suspension means located between the top and bot 
tom of said vessel having a first and second portion 
respectively extending from a pair of opposite 
walls of said vessel; 

a long and narrow rectangular grate located below 
said suspension means and between said pair of 
opposite walls wherein the length of said grate is 
substantially equal to the distance between the 
other pair of opposite walls of said vessel; 

combustion air introduction means located substan 
tially adjacent and above said fuel suspension 
means for introducing preheated air into the por 
tion of the biomass located near the opening 
formed by the distance between said first and sec 
ond portions of said suspension means along the 
entire length of said vessel determined by said 
other pair of opposite walls; 

producer gas removal means located between said 
suspension means and said grate for removing gas 
produced by the combustion of said combustion air 
and said moisture controlled biomass; 

first heat removing means for removing a first portion 
of heat from said producer gas supplied from said 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

6 
gas removal means for supplying heating air to said 
combustion air introduction means; and 

second heat removing means for removing a second 
portion of heat from said producer gas removed by 
said gas removal means for supplying heat to con 
trol the moisture content of said biomass. 

2. The apparatus according to claim 1 wherein said 
biomass feeding means includes an airlock and a level 
controller for sensing the amount of moisture controlled 
biomass in said vessel to control the opening and closing 
of said airlock. 

3. The apparatus according to claim 3 wherein said 
biomass is cellulosic. 

4. The apparatus according to claim 1 wherein said 
combustion air introduction means includes a manifold 
extending along said entire length of said vessel. 

5. In an apparatus for producing combustible gas 
from a carbonaceous material having a rectangular 
vessel reactor construction and a combustion air supply 
for supplying air to ignite and enhance combustion 
material fed into said vessel and further having a grate 
near the bottom of said vessel for both filtering out the 
fully combusted products and for supporting a portion 
of the mass of the material in said vessel the improved 
apparatus comprising: 

a fuel suspension bed having a pair of spaced up 
wardly and inwardly inclined wall portions extend 
ing along the length of said vessel separated by a 
longitudinally extending opening, and 

a long and narrow grate positioned between a pair of 
walls of said vessel and below said upwardly and 
inwardly inclined wall portions and extending 
from one end of said vessel to the other end such 
that the width of said grate is approximately less 
than one-half the width of said vessel and more 
than twice the width of said opening so as to in 
prove material suspension problems and to allow 
for modular construction by arranging side-by-side 
or end-to-end stacking of a plurality of said appara 
tuS. 

6. A method of producing combustible gas from car 
bonaceous biomass comprising the steps of: 

controlled addition of moisture controlled biomass to 
a rectangular reactor vessel through an airlock; 

controlled addition of heated air uniformly along the 
entire length of said vessel to said added biomass to 
induce combustion; 

funnelling said added biomass to a fuel suspension bed 
having a pair of spaced upwardly and inwardly 
inclined wall portions extending along the length 
of said vessel separated by a longitudinally extend 
ing opening, and a long and narrow grate posi 
tioned between a pair of walls of said vessel and 
below said upwardly and inwardly inclined wall 
portions and extending from one end of said vessel 
to the other end such that the width of said grate is 
approximately less than one-half the width of said 
vessel and more than twice the width of said open 
ing so as to improve material suspension problems 
and to allow for modular construction by arrang 
ing side-by-side or end-to-end stacking of a plural 
ity of said rectangular reactor vessels; 

removing completely combusted material from said 
long and narrow grate near the bottom of said fuel 
suspension bed; 

removing gases produced by said combustion from a 
region beneath said biomass materials; 
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removing a first amount of heat from said produced heat to said biomass to form said moisture con 
gas through a series of vents included in the up- trolled biomass. 
wardly and inwardly inclined wall portions and 7. The improved apparatus according to claim 5 
supplying said heat to a source of fresh air to pro- wherein said upwardly and inwardly inclined wall por 
duce heated air for the step of controlled addition 5 tions include a series of vents for removing combustion 
of heated air; and gas to provide heat to the combustion air which is intro 

removing a second amount of heat from said pro- duced into said vessel. 
duced gas and supplying said second amount of it k . . . 
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